The use of hemoglobin solutions in kidney perfusions.
Solutions of hemoglobin have often been considered for both hypothermic and normothermic perfusion of isolated kidneys. This paper considers basic issues, preparative techniques, and the viscosity of hemoglobin solutions, as well as the demands made by the kidney on a perfusate. The natural system of oxygen transport in higher animals is complex, and its perturbation to produce convenient hemoglobin-based renal perfusates produces numerous problems. The desirable effect of 2,3-diphosphoglycerate is not easily maintained in a perfusate, but its inclusion can be avoided by appropriate choice of species donating hemoglobin. Hemoglobin tetramer in free solution may dissociate and be lost by glomerular filtration. Ferric hemoglobin, the dominant form at redox equilibrium, is useless for oxygen transport; the ferrous form is maintained in the erythrocyte by reducing metabolites and, under normothermic conditions, the ferrous to ferric conversion is slow but significant. Methods for lysis of erythrocytes and removal of their stroma are discussed; reduction of ferric hemoglobin by chemical agents and electrolysis are considered in detail; and means for adjusting concentration and solute background are presented. The need for carbonic anhydrase in hemoglobin solutions used as perfusates is shown and methods for its provision are discussed. A review of viscometric data for hemoglobin solutions is provided to which original data are added. Hemoglobin solutions show a temperature-independent intrinsic viscosity, according to Einstein's theory for a molecule of 23 A radius. The O2 and CO2 transport requirements of renal perfusates are analyzed comprehensively. The normothermic kidney has an unusual respiration pattern, requiring an amount of oxygen that is not fixed but, rather, proportional to the total blood flow rate. In canines the average arterio-venous O2 content difference found by many investigators is 2.14 vol%; the corresponding CO2 value is 2.47 vol%; and the respiratory quotient is greater than unity. Wide limits of PO2, but not P CO2 in perfusate, appear allowable. A final section evaluates hemoglobin solutions as both normothermic and hypothermic renal perfusates from the viewpoints of blood gas chemistry, urinary loss, oncotic pressure, fatty acid carrying capacity, viscosity, and the need for functions usually attributed to platelets. It is concluded, overall, that perfusates containing free hemoglobin have only a limited role to play in renal perfusion.